Introduction {#sec1-1}
============

Diabetes mellitus (DM) refers to a group of common metabolic disorders that share the phenotype of hyperglycemia. Type 2 diabetes mellitus (T2DM) constitutes 90% of all DM cases and is characterized by progressive insulin secretory defect on the background of insulin resistance.\[[@ref1]\] It is a growing public health burden across the world, particularly in the developing countries. India is almost in the grip of diabetes epidemic and warrants immediate corrective measures.

The Sixth Diabetes Atlas, published by the International Diabetes Federation (IDF), revealed that there was an estimated 65.1 million cases of diabetes in India in 2013, which was more than double of the 2000 statistics.\[[@ref2]\] It was predicted that by 2030 DM may afflict up to 79.4 million individuals in India, whereas China (42.3 million) and the United States (30.3 million) will also see significant increases in those affected by the disease.\[[@ref3][@ref4]\] However, these statistics for India represent mostly the urban profile and may not be representative or provide an exact prevalence in view of a rural-dominated population.

Indians have a high ethnic and genetic susceptibility for the disease and also have lower threshold limits for the environmental risk factors.\[[@ref5]\] It is a matter of major concern that Indians develop T2DM at a younger age compared with western populations. They also develop diabetes with minor weight gain.\[[@ref5]\]

Diabetes is considered a lifestyle disease and diet is widely believed to play an important role in the development of DM and its associated complications. These complications can be either microvascular (retinopathy, neuropathy, nephropathy) or macrovascular (coronary heart disease, peripheral arterial disease, cerebrovascular disease) or both.

Magnesium (Mg) is the fourth most abundant cation in the human body and plays a key role in many fundamental biological processes, including energy metabolism and DNA synthesis. It also plays an important role in the phosphorylation reactions of glucose and its metabolism. Its deficiency has been implicated in insulin resistance, carbohydrate intolerance, dyslipidemia, and complications of diabetes.\[[@ref6]\]

Mg has received considerable attention for its potential role in improving insulin sensitivity and preventing diabetes and its complications. However, results are inconsistent among the studies.\[[@ref7][@ref8]\] Observations in Caucasian diabetics have linked hypomagnesemia as being an additional risk factor for the development of diabetic retinopathy, but this correlation was not observed in black African diabetics.\[[@ref7]\] Most of these studies could not be compared because of different methodology and inclusion and exclusion criteria.

In this study, we evaluated serum magnesium with T2DM and diabetic retinopathy in north Indian population.

Materials and Methods {#sec1-2}
=====================

*Study location*: The study was done at the outpatient department of family medicine of the center with state-of-the-art facilities and all diagnostic modalities including research facility.

*Study population*: Patients with T2DM above the age of 18 years were selected from Out Patient Departments fulfilling the mentioned criteria, and their written informed consent was taken for participation in the study.

*Study duration*: The study was conducted over a period of 18 months from March 2014 to September 2015.

*Study design*: This was a cross-sectional observational study. Detailed history was taken from all patients regarding presenting complaints, symptoms of T2DM, its duration and complications, and current medications. Personal history was taken regarding alcohol, smoking, exercise, or any other addiction. Patients were thoroughly examined to look for signs of thyroid and adrenal dysfunction.

*Sample size*: Sample size was calculated using the formula for descriptive study (*Z*^2^ × *P* × *q*)/*d*^2^). When the expected prevalence of hypomagnesemia with T2DM (*p*) = 20%, precision error of estimation (*d*) = 0.05, and alpha = 0.05, a sample size of 250 cases were taken.

In this study, where a total of 320 subjects were recruited, 30 opted out of the study and 40 were excluded based on the defined criteria. In total, 250 eligible subjects were enrolled for the study. Double blinding was done to avoid any bias regarding conscious or unconscious bias in diagnosing retinopathy among hypomagnesemia group. They were then divided into two groups, viz., case and control based upon the serum magnesium level. These groups were as follows:

Group 1 (Case): T2DM with hypomagnesemia (S. Mg \<1.7 mg/dL).

Group 2 (Control): T2DM with normal magnesium level (S. Mg 1.7--2.7 mg/dL).

The number of subjects in group 1 was 110, whereas in group 2, it was 140, in accordance with the sample size calculation.

Subjects {#sec2-1}
--------

*Inclusion criteria*: Noncritically ill (APACHE score \<10), T2DM patients of either sex with age \>18 years were included.

*Exclusion criteria*: Patients with T2DM \<18 years of age, on drugs known to affect magnesium levels \[[Table 1](#T1){ref-type="table"}\], with acute or chronic diarrheal/malabsorption states, on supplements containing magnesium, history of recent metabolic acidosis, pregnancy, lactation, and sepsis were excluded.

###### 

Drugs known to affect magnesium status

  -------------------------------------
  Aminoglycosides
  Amphotericin B
  Cetuximab
  Cyclosporine
  Digoxin
  Diuretics (loop, thiazide, osmotic)
  -------------------------------------

Methods {#sec2-2}
-------

*Consent and ethical approval*: Written informed consent was taken from the participants at the time of enrollment. Ethical approval was procured before starting this study.

*Enrollment*: Patients were enrolled based on inclusion and exclusion criteria from outpatient department of family medicine.

For defining a case of T2DM, American Diabetes Association diagnostic criteria were used \[[Table 2](#T2){ref-type="table"}\].

###### 

Criteria for the diagnosis of diabetes mellitus

  -----------------------------------------------------------------------------------------
  Symptoms of diabetes plus random blood glucose concentration 11.1 mmol/L (200 mg/dL) or
  Fasting plasma glucose 7.0 mmol/L (126 mg/dL) or
  HbA~1C~ \>6.5% or
  Two-hour plasma glucose 11.1 mmol/L (200 mg/dL) during an oral glucose tolerance test
  -----------------------------------------------------------------------------------------

Oral glucose tolerance test was performed using a glucose load containing the equivalent of 75 g anhydrous glucose dissolved in water.

A detailed clinical history and examination \[[Annexure 1](#App1){ref-type="app"}\] was done for all consenting patients enrolled in the study. Diabetic retinopathy was classified as nonproliferative diabetic retinopathy and proliferative diabetic retinopathy based on fundoscopy after dilation of eye. Fundus photo were also taken.

**Investigations**: About 5 mL of venous blood sample was taken after 12 h of fasting and again after 2 h of normal meal. About 10 mL of urine sample was collected from the patients. The samples were run in fully automated clinical chemical analyzer Beckman Coulter DXC-800. All patients were investigated for complete blood count, fasting blood sugar (FBS - Hexokinase); post-Prandial blood sugar (PPBS - Hexokinase), Glycated hemoglobin (HbA~1C~- HPLC), and serum creatinine (IDMS - Jaffe Kinetic), and serum magnesium was measured by the xylidyl blue method. Biological reference interval in serum is taken as 1.7--2.7 mg/dL.

After collection of all data, relation of hypomagnesemia to glycemic control and diabetic retinopathy were done statistically.

Statistical analysis {#sec2-3}
--------------------

SPSS version 17.0 was used to analyze the data. Results were reported as mean, standard deviation, frequency, and percentage. The comparison of normally distributed continuous variables between the groups performed using Student\'s *t*-test. Nominal categorical data between the groups were compared using Chi-squared test or Fisher\'s exact test as appropriate. Non-normal distribution continuous variables were compared using Mann--Whitney *U*-test. For all statistical tests, a *P* value \<0.05 was taken to indicate a significant difference.

Results {#sec1-3}
=======

In all, 320 subjects were interviewed out of which 30 opted out of the study and 40 were excluded based on the defined criteria. In total, 250 eligible subjects were enrolled for the study. They were then divided into two groups based upon the serum magnesium level in T2DM.

In our study, prevalence of hypomagnesemia was observed among 110 patients out of 250 (44%) of T2DM patients. Over all male to female ratio was 0.7:1. In groups 1 and 2, 57.3% and 57.9% were female, respectively. There was no significant difference in two groups (*P* = 0.926).

The mean age of patients was 55.8 ± 10.05 and 56.81 ± 11.45 years in groups 1 and 2, respectively. All the patients were \>30 years of age. In groups 1 and 2, 34.5% and 27.1% were 30- to 40-year old, respectively. Similarly, in group 1, 34.5%, 32.7%, 24.5%, and 8.2% and in group 2, 27.1%, 24.3%, 30.7% and 14.3% were in the age groups of 41--50, 51--60, 61--70, and \>70 years, respectively. Differences were not significant (*P* = 0.0784).

The mean body mass index (BMI) was 26.74 ± 3.76 kg/m^2^ in group 1 and 24.48 ± 4.23 kg/m^2^ in group 2 (*P* = 0.017). The mean value of FBS was 173.64 ± 38.56 mg/dL in group 1 and 148.87 ± 47.87 mg/dL in group 2 (*P* = 0.02). The mean PPBS were 241 ± 59.17 mg/dL in group 1 and 215 ± 77.37 mg/dL in group 2 (*P* = 0.04) \[[Table 3](#T3){ref-type="table"}\].

###### 

Hypomagnesemia association

                                      Hypomagnesemia   Normal magnesium   *P*
  ----------------------------------- ---------------- ------------------ -------
  Number of patients                  110              140                
  Mean age±SD                         55.8±10.05       56.81±11.45        0.458
  BMI±SD                              26.74±3.76       24.48±4.23         0.017
  Mean FBS                            173.64±38.56     148.87±47.87       0.02
  Mean PPBS                           241±59.17        215±77.37          0.04
  Mean HbA1c                          8.33±1.92        7.78±1.48          0.01
  Mean urine ACR mg/g of creatinine   573.2±1748.05    135.2±823.1        0.01

The mean HbA~1C~ values were 8.33 ± 1.92% in group 1 and 7.78 ± 1.48% in group 2 (*P* = 0.01) \[[Table 3](#T3){ref-type="table"}\]. Blood pressure in both the groups was comparable.

Mean urine albumin/creatinine ratio (ACR) was 573.2 ± 1748.05 mg/g of creatinine in group 1 and 135.2 ± 823.1 mg/g of creatinine in group 2 (*P* \< 0.001). In group 1, 53.6% had urine ACR \>30, whereas in group 2, 25.7% had urine ACR \>30.

In group 1, 62.7% had nonproliferative diabetic retinopathy (NPDR) (odds ratio \[OR\] -- 21.73) and 21.8% had proliferative diabetic retinopathy (PDR) (OR -- 12.65), whereas in group 2, 14.3% had nonproliferative diabetic retinopathy and 8.6% had proliferative diabetic retinopathy. There was significant difference among these two groups (*P* \< 0.001) \[[Table 4](#T4){ref-type="table"}, [Figure 1](#F1){ref-type="fig"}\].

###### 

Association of hypomagnesemia with retinopathy

  Retinopathy   Total   Hypomagnesemia   Normal magnesium   Odds ratio   95% confidence interval   *P*                   
  ------------- ------- ---------------- ------------------ ------------ ------------------------- ------- ------------- --
  Absent        125     17               15.5               108          77.1                              \<0.001       
  NPDR          89      69               62.7               20           14.3                      21.73   10.75-45.45   
  PDR           36      24               21.8               12           8.6                       12.65   5.37-30.30    
  Total         250     110              100.0              140          100.0                                           

NPDR: Nonproliferative diabetic retinopathy; PDR: Proliferative diabetic retinopathy

![Correlation between Retinopathy and Hypomagnesemia](JFMPC-8-1671-g001){#F1}

Discussion {#sec1-4}
==========

DM has put an enormous socioeconomic burden on developing countries like India. Early age of onset, associated comorbidity, costly drugs, and investigations and rising out-of-pocket expenditure have made it more challenging for primary care health professionals. Recent research on newer drugs have given promising results but are out of reach for an average earning majority of Indian population because of high prices.\[[@ref9]\] So, research priorities should be preventing or delaying complication with cost effective interventions. In this study, we focused on magnesium level in relation to glycemic control and retinopathy.

Prevalence of hypomagnesemia among noncritically ill patients with T2DM was 44%. Among various other studies, hypomagnesemia have been reported to occur in 13.5%--47.7% of non-hospitalized patients with type 2 diabetes.\[[@ref10][@ref11][@ref12][@ref13][@ref14]\] The wide range in the reported prevalence of hypomagnesemia most likely reflects the difference in the definition of hypomagnesemia, techniques in Mg measurements, and the heterogeneity of the selected patient cohort.

In group with hypomagnesemia, the mean age of patients were 55.8 ± 10.05 years and in group of T2DM patients with normal serum magnesium level were 56.81 ± 11.45 years. There was no significant difference observed between these two groups. It was similar to the study conducted by Al-Osali *et al*. in Muscat, Oman, which concludes that diabetics have significantly lower total Mg levels with a difference of 0.12 mmol/L (P\< 0.001) irrespective of age.\[[@ref15]\]

There was significant difference of BMI between two groups in our study (*P* = 0.017). Gupta *et al*. also found inverse correlation of serum magnesium with BMI.\[[@ref16]\] However, Ghattaura *et al*. reported weak association of BMI and hypomagnesemia (OR -- 1.05, *P* = 0.04) and strongest association with T2DM, which was an independent risk factor for hypomagnesemia (OR -- 3.77, *P* = 0.001).\[[@ref17]\] T2DM is the main factor accounting for low serum magnesium levels in overweight diabetics. Hypomagnesemia may aggravate insulin resistance state in overweight subjects. This can predispose them to metabolic complications of DM.

Significant difference of FBS, PPBS, and HbA~1C~ was observed between two groups. Studies by Lecube *et al*.\[[@ref18]\] and Dasgupta *et al*.\[[@ref19]\] on diabetes and hypomagnesemia found significant negative correlations between magnesium and fasting plasma glucose. In another study by Rao *et al*.,\[[@ref20]\] the mean value of FBS, PPBS, and HbA~1C~ was higher among the group with serum Mg \<1.7 mg/dL. Intracellular magnesium plays a key role in regulating insulin action, insulin-mediated glucose uptake, and vascular tone. Reduced intracellular Mg concentrations result in a defective tyrosine-kinase activity, postreceptor impairment in insulin action, and worsening of insulin resistance in diabetic patients.\[[@ref21][@ref22]\]

HbA~1C~ is formed through the nonenzymatic binding of circulating glucose to hemoglobin. Higher levels of glucose in the blood contribute to more binding and consequent higher levels of HbA~1C~. Since the life span of an RBC is 120 days, HbA~1C~ reflects average plasma glucose over the past few months.\[[@ref23]\]

Diabetic retinopathy is one of the leading causes of blindness in the world. Decrease in visual acuity in diabetic retinopathy is either associated with maculopathy or its proliferative complications. Hypomagnesemia has been reported to occur at an increased frequency among patients with type 2 diabetes compared with their counterparts without diabetes.\[[@ref24]\]

In our study, while evaluating serum magnesium with retinopathy, we found significant difference (*P* \< 0.001). Similar findings have been reported by Kundu *et al*.\[[@ref25]\] and Kauser *et al*.,\[[@ref26]\] who observed serum magnesium levels significantly lower in patients with diabetic retinopathy compared with diabetics without complications.

Baihui *et al*.\[[@ref27]\] in their study on Chinese diabetic patientsreported that low serum magnesium level is associated with microalbuminuria. HbA~1C~ and albuminuria are contributing factors in the degree of retinopathy and this correlation can be explained by the common mechanism involved in tissue damage by DM. HbA~1C~ has special affinity for oxygen, thereby causing tissue anoxia and plays a role in causation of micro- and macroangiopathy.\[[@ref28]\] In our study, too, we found an inverse correlation between urine ACR and serum magnesium level.

Increased endothelial cell damage leads to microaneurysm, leakage of which causes maculopathy.\[[@ref29]\] Low Mg levels may promote endothelial cell dysfunction and thrombogenesis via increased platelet aggregation and vascular calcifications.\[[@ref28]\] Low Mg levels may also lead to induction of proinflammatory and profibrogenic response\[[@ref30]\] and reduction of protective enzymes against oxidative stress. Moreover, because Mg is crucial in DNA synthesis and repair,\[[@ref31]\] it is possible that Mg deficiency may interfere with normal cell growth and regulation of apoptosis. This would explain our finding that hypomagnesemia was more pronounced in diabetic retinopathy group. Hypomagnesemia seemed to be a possible risk factor in the development and progression of diabetic retinopathy.

The inferences that can be drawn from our data are subject to some limitations. No blinding was done in the study and being a cross-sectional study, no follow-up of the patients was done. Since exact onset of T2DM may not be known, exact duration of T2DM could not be determined.

Summary and recommendations {#sec2-4}
---------------------------

Hypomagnesemia was seen in 44% of diabetes patients and it significantly correlated with poor glycemic control and diabetic retinopathy. We suggest institution of dietary recommendation for increased consumption of major food sources of magnesium (such as whole grains, nuts, and green leafy vegetables) at the time of diagnosis to prevent and minimize complications of T2DM.
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